1. Introduction
===============

Malignant gliomas, including anaplastic astrocytoma and gliblastoma multiform have known as the most aggressive and most lethal primary brain tumor, with extremely poor prognosis and high rate of recurrence, even after surgery and radiotherapy. In current studies, among all the associated factors which might improve the prognosis, median survival has roughly considered 14 months for glioblastoma multiform ([@A3795REF1]) and 2 - 3 years for actrocytoma ([@A3795REF2]), with the high possibility in progression to glioblastoma multiform. Reports of cases exceeding 40 months of survival have discussed in some retrospective studies ([@A3795REF3], [@A3795REF4]). As a matter of fact, improving the local control could significantly increases the survival since it has proven that the main pattern of recurrence is local proliferation of the tumor, rather than distant metastasis, and the use of focal radiation fields appeared to be the most judicious approach to the treatment of patients with gliomas ([@A3795REF5]-[@A3795REF8]). Increasing the total radiation dose has limited by the consideration of exposure to the normal brain tissue. Intraoperative radiation therapy is a method of irradiation of a large single dose to the tumor bed, while the exposure of normal surrounding tissue has reduced.

2. Case Presentation
====================

2.1. Case 1
-----------

A 43 year old man with one month history of generalized seizure, and upward gaze and recent mild headache, and a past medical history of grade II glioma of 7 years ago, has come to the hospital with an evidences of a left temporal tumoral lesion, with mild enhancement and the size of 44 × 64 × 42 mm ([Figure 1](#A3795FIG1){ref-type="fig"}) in his routine subsequent brain MRI and. For more details, 3DCSI MRS with color coded map has obtained which revealed remarkable cholin rise with respect to NAA, which prompted him to the plan of surgical debulking and intraoperative radiation therapy as the known case of recurrence glioma with a history of previous receiving a total of 5.5 Gy radiation therapy. At the time of admission he has seemed alert, oriented with the Karnofsky score of 80 and Barthel index of 90. Pre operation CBC, LFT and RFT were normal.

![A, Brain MRI of the case 1 which shows left temporal glioma; B, Post-operative MRI which shows complete tumor removal.](ijcp-08-3795-g001){#A3795FIG1}

### 2.1.1. Surgical Procedure

After performing a left temporal lobectomy, we have successfully resected more than 98% of the tumoural cavity, by using the conventional frameless neuronavigation-guided microsurgical tumor resection, tumoural bed has prepared for the placement of radiation source. The size of resection cavity in 3D was 4 × 5 × 3.5 cm. The craniotomy margin that has surrounded the tumor was 7 × 8 cm. Frozen section has confirmed high grade glioma. After achieving the favorable homeostasis, right before subjecting the tumor bed into the focal irradiation, has potentially involved risk structures and the expected doses to the risk organs have calculated by the team of neurosurgeons and radiation oncologists by considering the cavity borders using the neuronavigation software, the cavity geometry. Potential risk structures have identified. The most suitable applicator size has considered 3.5 cm in this patient. Then any skin or bone that could receive direct or scattered irradiation has shielded using sterile cutton pieces. IORT has applied in a straight forward way in the surgical procedure using the 50 Kv INTRABEAM® system (Carl Zeiss Meditec AG, Germany) and 10.3 Gy of focal irradiation therapy has administered for 12 minutes ([Figure 2](#A3795FIG2){ref-type="fig"}). Lateral side of the spherical probe had 0.5 cm distance to the resection bed, while for the posterior, anterior and medial sides it was zero. Optic Nerve with the distance of 8 mm and Optic Chiasma with 15 cm have considered as risk structures, and have paid attention to be safe with the calculation of probable expose of 3.7 Gy and 1.8 Gy, respectively. The intraoperative radiation therapy procedures have gone uneventful. After completion of the procedure, absolute hemostasis has maintained, duraplasty has performed with the pericranial patch. Cranioplasty has made with microplate and the wound has closed in layers. Post-operative MRI has shown gross total tumor removal ([Figure 1](#A3795FIG1){ref-type="fig"}).

![The IORT Applicator Adjusted Into the Tumor Bed](ijcp-08-3795-g002){#A3795FIG2}

### 2.1.2. Clinical Progress

The patient has gradually improved 48 hours after procedure, with the GCS of 15. Follow up pattern started with the early 48 - 72 hours post-operative MRI ([Figure 1](#A3795FIG1){ref-type="fig"}) and neurocognitive tests, in which he has shown functionally independent with the Barthel's score of 100 and Karnofsky score of 90. Post operation CBC, LFT and RFT have remained normal. Follow-up brain imaging ([Figure 1](#A3795FIG1){ref-type="fig"}) has only shown some areas of encephalomalacia. Four days after the procedure he has presented with sign of aphasia which improved and disappeared within the next 3 days. He has discharged a week after the procedure and has currently under gone our regular follow-ups every 3 months, based on the combination of imaging studies (MRI), clinical presentation (physical examination, KPS, current medication) and a neurological assessment using the late effects in normal tissues subjective, objective, management and analytic (LENT-SOMA) scales.

2.2. Case 2
-----------

A 52 years old man with mild headache, seizure and blurring of vision with no previous history of malignancy has referred to the neurosurgery clinic. His brain MRI has shown a lesion in frontal lobe with no significant enhancement with the size of 24 × 48 × 42 mm ([Figure 3](#A3795FIG3){ref-type="fig"}). And a report of grade III glioma in MRS. Patient has candidate for the plan of debulking and intraoperative radiation therapy. At the time of admission, he was alert and oriented with the Karnofsky score of 90, and Barthel index of 90. Surgical procedure has performed with the approach of right frontal craniotomy with the access to the anterior cranial cavity. Tumor bed has debulked in 2 × 4.5 × 4 cm with the craniotomy margin of 5 × 5 cm around the tumor. After the total resection of more than 98% and reaching the hemostasis, the tumor bed has subjected to the 3.5 cm applicator of 50 Kv Zeiss intrabeam and the total of 12 Gy was to the focal irradiation. With the calculated risk structure of 1 Gy exposure to the optic nerve in 2 cm distance. The whole procedure had no remarkable complication and 48 hours later, the GCS of the patient was of 15, Karnofsky score was 90 and Barthel index was 90. Post-operative MRI has shown gross total tumor removal ([Figure 3](#A3795FIG3){ref-type="fig"}). He has shown no remarkable complication and now has considered to be followed up in the pattern of routine imaging and neurocognitive tests.

![A, Pre-operative MRI of the second patient with right frontal lesion; B, Post-operative which shows complete tumor removal.](ijcp-08-3795-g003){#A3795FIG3}

2.3. Case 3
-----------

The third case was a 30 years old woman complaining of headache and obscuration of vision, with a history of Rhabdomoid GBM of 12 months ago, for which, she has received 60 Gy external radiotherapy. Her MRI has shown evidences of a right parietal lesion with mid line shift and contrast enhancement, with the size of 56 × 53 × 46 mm and pushing the motor cortex to the posterior ([Figure 4](#A3795FIG4){ref-type="fig"}). Brain M R spectroscopy (MRS) has confirmed grade IV glioma. She was alert, and oriented, with Barthel score 90 and Karnofsky of 100. As a known case of recurrence of glioma she has undergone a sub total resection (88 - 98%). The resection cavity was in 5.4 × 4.5 × 4.5 cm. After achieving the hemostasis, 8.8 Gy of focal radiation was irradiated in 2.5 cm depth by the 4.5 cm spherical applicator of IORT. The probe had the 0.5 cm to the motor cortex as the risk structure. The patient was stable clinically. Post-operative Barthel and Karnofsky index was as the same of pre operation state. No significant side effect has detected. Post-operative MRI has shown gross total tumor removal ([Figure 4](#A3795FIG4){ref-type="fig"}).

![A, Pre-operative MRI of the 3rd patient with right parietal lesion; B, Post-operative MRI which shows complete tumor removal.](ijcp-08-3795-g004){#A3795FIG4}

3. Discussion
=============

The idea of application of electron beam-based IORT (IOERT) has first come into the mind of a pioneering group of scientists, on patients with supratentorial gliomas ([@A3795REF9], [@A3795REF10]). A brief review on literatures has shown the fact that, the effectiveness of intraoperative radiotherapy, on median survival, possible side effects and increasing quality of life has been discussed by the previous studies who has reported divergent outcomes, from highly effective, by Sakai et al. in 1991 for the first time ([@A3795REF11]), Matsutani ([@A3795REF12]) and Nakamura ([@A3795REF13]) in early 90s, to poorly remarkable, Nemoto ([@A3795REF14]) for instance. Ortiz, Fujiwara and Yong have believed IORT could be feasible for the treatment of malignant gliomas ([@A3795REF15]-[@A3795REF17]). In 2005, Schueller et al. has revealed their 12 years of experience in intraoperative radiotherapy. They have reported that there was no significant difference in outcome between primary tumors and recurrences ([@A3795REF18]). They have also concluded that IORT is a feasible method of increasing the local dose in the treatment of malignant gliomas. Neither complications have risen, compared to surgery and postoperative irradiation, nor outcome significantly improved. They have suggested that IORT should only be performed in specially equipped centers with making an accurate treatment plan to ensure complete target volume coverage. They have also mentioned that since additional temozolomide could significantly improve the results in GBM patients, a combination of IORT and temozolomide might be an interesting option in the future ([@A3795REF18]).

In 20s, when the Spherical applicators has come to the stage, rather than the forward scattering ones, Takakura and Kubo have treated 55 high-grade gliomas with the spherical applicators and saw 2-year survival rates of 89% and 42% for patients with anaplastic astrocytoma or GBM, superior to the control rates from the Japanese tumor registry (77% and 21%) ([@A3795REF19]).

In 2012, Zamzuri et al. ([@A3795REF20]) has reported a GBM case with the treatment planning of surgical resection, intraoperative radiation therapy (IORT) in combination with whole brain irradiation therapy and chemotherapy (temozolamide cycles), whose symptoms have improved after 3 months of this polymodal therapy and remained independently functional for more than two years. In more recent studies, Han has come to the conclusion that long term follow up for recurrent malignant brain tumors have not been satisfying, but for new diagnosis brain tumor patients have shown good local tumor control with relatively long term survival ([@A3795REF21]). In 2014, Giordano et al. pose the question, if IORT was a resurrected option for treating glioblastoma ([@A3795REF22]). As an explanation why the outcomes in previous studies have shown such a controversy, he has come to the conclusion that the majority of previous studies has used forward-scattering electron tubes (resembling intraoperative electron radiotherapy, IOERT) and suffered from technical and geometrical mistakes.

As we have known, extent of resection was one of the most important prognostic factors in patients with GBM and patients with more than 98% of tumor resection have a significantly higher survival rate than the patients with incompletely resected tumors ([@A3795REF19], [@A3795REF23]) which could be possible in only 20% of all GBM patients ([@A3795REF24]) due to technical errors or involvement of eloquent areas. So, it has seemed important to consider some add-on techniques to achieve additional tumor cell depletion or at least a growth arrest residual non resected cells, in the interval of surgery and adjuvant therapies. Intraoperative radiotherapy (IORT) could be one of the novel approaches with good news, on condition of minimizing the limitations including, areas of inadequate target volume coverage (TVC), wrongly selected electron energies (mostly too low), inappropriate cone sizes (mostly undersized) and angle errors ([@A3795REF22]). They have found that patients with adequate TVC showed a significantly improved median survival and 2-year survival rate in comparison with the patients with inadequate TVC. Novel devices such as INTRABEAM (Carl-ziess, AG, Germany) which we have used in our experience, has proven to achieve local control in up to 80% of cases with delayed necrosis appearing in less than 5% ([@A3795REF25]), the putatively most widely recognized paper reporting on outcomes after IORT for brain tumors with the INTRABEAM applicators has published by John Kalapurakal and his colleagues from Chicago's Northwestern Memorial Hospital, focusing on 14 children with recurrent primary brain tumors (mostly ependymomas, n = 13) with 10 Gy in 2 and 5 mm depth or 12 Gy in 2 mm depth) using spherical applicators ([@A3795REF26]). They have reported a median follow-up of six months (range, 5 - 40 months) the group had three cases of radiation necrosis and all have been occurring in previously un irradiated patients that have treated at the higher dose level (10 Gy in 5 mm depth). Although none of these patients have died and all remained asymptomatic after treatment. Although the group have decided to stop the dose escalation and limit the dose to 10 Gy in 2 mm depth. As no other late toxicity has appeared and local control has achieved in 8 out of 14 patients (57%) with the best response has observed in previously un irradiated tumors (local control has achieved in 5 of 6 patients; 83%). Therefore, IORTs with INTRABEAM applicators could be judged as feasible and safe procedures even in children, where brain tissue was most sensitive to irradiation ([@A3795REF27], [@A3795REF28]). They have called it a benefit which was greater than the risk, and IORT was not inferior option in overall survival and a superior option in terms of quality of life, compared to EBRT or chemotherapy alone ([@A3795REF22], [@A3795REF27], [@A3795REF28]).

As the extent of brain necrosis in the cerebrum has determined the improvement in overall survival, we also have paid attention to calculate the impact of necrosis in the cerebrum (e.g. the frontal, parietal, temporal or occipital lobes) and those of the risk structures including brain stem and the optical nerves/chiasm.

In brief, the full potential of the procedure, up to now has not been defiantly clear as most previous studies used forward-scattering (electron-based) irradiation techniques, which frequently caused inadequately covered target volumes. We have reported our first experience of intraoperative radiation therapy with cerebral malignant Glioma, 1 primary grade III Glioma, and 2 recurrent GBM (one Rhabdoid GBM), using the Spherical applicator and INTRABEAM X-ray device. This patient with recurrent glioma has already received the maximum dose of radiotherapy and couldn't get any further doses. They have currently under gone our regular follow-up program every 3 months, based on the combination of imaging studies (MRI), clinical presentation (physical examination, KPS, current medication) and a neurological assessment using the late effects in normal tissues subjective, objective, management and analytic (LENT-SOMA) scales.
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